We investigated the phylogeny of butterflies in the tribe Nymphalini sensu Harvey 1991, comprising the genera Vanessa, Cynthia, Bassaris, Aglais, Inachis, Nymphalis, Polygonia, Kaniska, Antanartia, Hypanartia, Symbrenthia, Mynes and Araschnia. Evidence from the mitochondrial gene nd1, the nuclear gene 'wingless' and from morphology/ ecology/behaviour were used separately and combined to analyse relationships. Phylogenies based on the different types of data agreed in many aspects of basic topology. We show that an analysis of only wing pattern characters (based on Nijhout's homology system) results in a topology broadly similar to the one resulting from analysis of the complete matrix. We found support for a monophyletic Nymphalini, where Hypanartia may be the sister clade to all other genera. Mynes, Symbrenthia and Araschnia together seem to form another basal clade. Evidence presented gives only moderate support for a monophyletic Vanessa in the wide sense, including also Cynthia and Bassaris, but strong support for the monophyly of the largely holarctic clade Aglais + Inachis + Nymphalis + Polygonia + Kaniska + Roddia. Within the latter group there is strong support for a clade consisting of Aglais + Inachis and for a second clade which includes Nymphalis, Polygonia (and its sister clade, the monotypic Kaniska) as well as Roddia l-album (=Nymphalis vaualbum). As a consequence of this topology, Aglais is recognized as a taxon separate from Nymphalis. We present a hypothesis of species relationships within the focal group of genera. We also analyse and discuss the implications of excluding or including ecological data in phylogenetic tree construction, when the tree is to be used for studies in phylogenetic ecology.
INTRODUCTION
remaining tribes in the Nymphalinae are generally The phylogeny of nymphaline butterflies is of contaken to be Melitaeini and Kallimini. siderable interest not only for taxonomists but also for Nymphalini was suggested by Harvey (1991) to inevolutionary biologists in general. The diversity among clude the genera Vanessa Fabricius, Cynthia Fabricius, these butterflies (e.g. wing patterns, behaviour and Bassaris Hü bner, Aglais Dalman, Inachis Hü bner, host-plant associations) is intriguing, and the subNymphalis Kluk, Polygonia Hü bner, Kaniska Moore, family includes several important model groups for Antanartia Rothschild & Jordan, Hypanartia Hü bner, ecological and evolutionary studies, such as EuSymbrenthia Hü bner, Mynes Boisduval and Araschnia phydryas, Precis and Polygonia. A step towards an Hü bner. He also suggested that the most likely sister improved understanding of nymphaline phylogeny is group is either the Melitaeini (including e.g. Melitea taken here by investigating the relationships within a and Euphydryas) or Melitaeini + his Kallimini (including e.g., Kallima and Precis). In contrast, Ackery (1988) included in his Nymphalinae the tribe Coloburini, as well as a wider Nymphalini corresponding to Harvey's Nymphalini + Kallimini, but not the Melitaeini. Harwing patterns are too affected by selection for, e.g., mimicry, creating homoplasy. vey (1991) placed the Coloburini in a different sub-
The phylogeny obtained in this study is intended to family, the Limenitidinae, which he, however, did not be used in studies on the evolution of host plant believe to be monophyletic. Hence, there is a conutilization in the Nymphalini. For this reason we also troversy regarding both the monophyly of Harvey's studied more closely the effects of host plant data on Nymphalini and which are the closest relatives of this the resulting phylogenies. group, if it is indeed a natural grouping of genera.
Within the Nymphalini, systematics has been in a great deal of flux, although species circumscriptions nigrozephyrus. The populations sampled by us reprecognized species of Aglais (urticae (L.) and milberti resent all of the nearctic species recognized by Scott (Godart)) in Nymphalis, because "Aglais might be a (1986) . In addition, there is probably at least one good highly modified (derived) group within Nymphalis". In species south of the US, P. haroldii Dewitz, from which contrast, Niculescu (1965) and others have argued that we did not manage to obtain material. Of the four Nymphalis in the strict sense (excluding Aglais) is in palearctic species we included three: P. c-album (L.), fact more closely related to Polygonia than either of P. egea (Cramer) and P. c-aureum (L.). The fourth these genera is to Aglais. The monotypic Kaniska species that was not studied, P. gigantea (Leech), is canace (L.) is sometimes treated as a Polygonia. We found in China. The genus Kaniska holds a single will investigate which of these classifications is likely species, K. canace, which is often placed in Polygonia. to reflect phylogeny. We will also attempt to resolve the The same is true for Roddia l-album. Both of these controversy regarding the Holarctic species or speciesspecies were studied, l-album from both the Nearctic group Roddia l-album (Korshunov). This species is and the Palearctic. However, as nd1 sequence difmost often referred to in the literature as either ference between the two populations was found to be Nymphalis vaualbum (e.g., Higgins, 1975) or Polygonia negligible, and we saw no diagnostic differences in l-album (e.g., Niculescu, 1965). As pointed out by Kocak morphology, we included only the Eurasian sample in (1981), Nymphalis vau-album Denis & Schifferthe final analyses. The same is true for the Holarctic mueller, 1775 = vaualbum is a nomen nudum, and species Nymphalis antiopa (L.), where also samples the species name l-album of Esper (1780) is the correct from both the Nearctic and Palearctic were initially one. Recently this taxon has been placed in a new studied. monotypic genus; Roddia Korshunov, 1996 (Korshunov There are five clear species of Nymphalis, four & Gorbunov, 1995; Korshunov, 1996) . of which were studied: N. polychloros (L.), N. antiopa, In this study we take a total-evidence approach N. xanthomelas (Denis & Schiffermü ller) and N. to resolving phylogenetic relationships. We combine californica (Boisduval). The fifth, N. cyanomelas available data on morphology and ecology from lit-(Doubleday), is only very rarely found in the highlands erature with our own observations on all deof Mexico, Guatemala and El Salvador (De la Maza E. velopmental stages, particularly adult wing patterns, & White Lopez, 1986) and was not sampled for DNA. and with molecular data from both mitochondrial (nd1)
The immature stages of this species are not known. It and nuclear ('wingless') genes. In a separate study we was included in the morphological study on the basis analysed only the wing pattern data. This was done of a few adult traits, in order that we would be able because we have made extensive use of the recently to suggest a probable phylogenetic position. available system for suggesting homologies between
We studied the nearctic Aglais milberti (often placed patterns in different taxa (Nijhout, 1991 Butterflies for DNA analysis were collected by the authors or obtained from colleagues (see Table 1 for source populations). In most cases we used adult, pupal OUTGROUP EXEMPLARS or larval specimens which were killed by freezing and We included in the outgroup members of the tribe stored at −70°C until analysis. In a few cases we Argynniti in the Heliconiinae, a subfamily well outside successfully used dry adult specimens from collections, of the Nymphalinae, in order to investigate monophyly but most attempts did not yield a useful DNA extract. of the Nymphalini in the initial analyses. Argynnis Voucher specimens are stored at the Department of paphia (L.) of the Argynniti was used for the nuclear Zoology, Stockholm, except for Symbrenthia hypatia gene 'wingless', morphology, ecology and behaviour, (wings retained by K. Fiedler) and Hypanartia lindigii but DNA had to be taken from Issoria lathonia (L.) in (extracted DNA kindly sent by A. V. Z. Brower). DNA the case of nd1.
sequences will be uploaded to GenBank and are availAs explained in the Introduction, the tribes Meable from K. Nyblom upon request. litaeini, Kallimini and Coloburini are more likely to be closely related to the Nymphalini, and in all the main analyses we also included two species from the
SOURCES OF CHARACTER INFORMATION (LITERATURE)
Kallimini in the outgroup: Hypolimnas bolina (L.) Data on internal adult morphology and ecology, as well and Precis coenia (Hü bner). Colobura dirce (L.) from as several other traits, were taken from the literature Coloburini was included in one analysis (see below).
when we could not directly study them. Sources of data for some particular traits are given in the character list, but a few general sources can be mentioned here. troversy regarding terminology and homology of strucgracilis zephyrus, P. interrogationis and P. comma.
tures (see Niculescu (1985) , between Niculescu (1965) Last-instar larvae, as well as pupae, of Mynes geoffroyi and Higgins (1975) . Without substantially adding to preserved in alcohol were kindly provided by Darrel the scope of this study it was not possible for us to Kemp. Traits of immature stages for the remaining study these traits independently. For this reason we species included in the study, as well as some additional followed one author (Niculescu, 1965) , reasoning that traits of the entire set of species, were found in the homologies are more likely to be consistent within a literature (references given below and in the character list, Appendix 1). single author's work, and Niculescu has the most complete treatment of our study species. For the same resolution of relationships. However, as more species were added much of this resolution was lost, and it now reason we have treated data as missing for non-European species except when homology was evident from seems that nd1 provides relatively little information on relationships. This is despite the fact that we have illustrations, as in the case of penis shape. sequenced a considerably longer segment than in previous studies. phylogenetically informative) and the third data set, PCR was performed using the primers of Brower the nuclear wingless matrix, consists of 379 characters & DeSalle (1998): (LepWG1 (5′-GARTGYAARTGY-(100 of which are phylogenetically informative). The CAYGGYATGTCTGG-3′), LepWG2 (5′-ACTICGCARcomplete total evidence matrix consists of 31 taxa and CACCARTGGAATGTRCA-3′). These primers amplify 1171 characters, 353 of which are phylogenetically a 400 bp stretch of nuclear DNA in lepidopterans.
informative. All characters are unweighted and unordered except for some characters from the MEB data Sequencing set which are ordered (see list of characters in Appendix 1). Gaps in molecular data were treated as a 'fifth The double-stranded PCR-products were sequenced using (Cy-5) labelled PCR-primers as well as internal base', because indels were very rare and we wanted to 1-4 to show support for specific branching patterns. The different data sets were analysed using PAUP * Parsimony analysis of the data set based on morv 4b2 (Swofford, 1998). Most parsimonious trees were phology, ecology and behaviour (including host plants; constructed by heuristic searches using the TBR Table 2 ; the MEB data set) resulted in eight most branch swapping option and 10 000 random addition parsimonious trees. A strict consensus tree is shown sequences for the separate data sets and 100 000 in Figure 1 . for the total evidence data set. All analyses were Parsimony analysis of the mitochondrial data set made with parsimony-uninformative characters ex-(nd1) resulted in one most parsimonious tree, shown cluded.
in Figure 2 . Note the weak phylogenetic signal in this data set, as indicated by low decay values and bootstrap support, little resolution and low consistency index Support (0.365). Support for branches was investigated using decay Parsimony analysis of the 'wingless' data set resulted and bootstrap analysis. Decay indices were computed in 72 most parsimonious trees, a strict consensus tree with Autodecay 3.0.3 (Eriksson & Wikström, 1996) is shown in Figure 3 . The consistency index (but not using the PAUP search parameters: addseq=random, retention index) of this data set (0.530) is higher than nreps=1000, rseed=1.
for either MEB (0.431) or nd1 (0.365). Bootstraps were performed on Paup4b3a set to Figure 4 shows the strict consensus tree for the two 5000 full heuristic (TBR) replicates with 10 random most parsimonious trees found by analysis of total addition sequences per bootstrap replicate. A evidence. These trees have a consistency index of rearrangement limit of 10 000 000 rearrangements 0.402. per addition sequence was used for the wingless data set as some bootstrap samples took too long to MONOPHYLY OF NYMPHALINI compute otherwise. The rearrangement limit was not Nymphalini did not appear as a monophyletic group hit, however, for all addition sequences in any single in the analysis based on the MEB data set ( Fig. 1) . In bootstrap replicate.
this analysis Mynes and Symbrenthia ended up with members of the Kallimini in the outgroup. However, Wing pattern and host plant data nd1 data ( Fig. 2 ) as well as 'wingless' data ( Fig. 3 ) support a monophyletic Nymphalini, and so does total For reasons explained in the Introduction, we performed a separate analysis of the data on adult wing evidence (Fig. 4) . Removing the distantly related Argynniti from the pattern (Wp 1-38 in Appendices 1, 2).
We were also interested in studying the degree of outgroup did not change this result, and had very little effect on branching patterns (Antanartia moves dependence of the results on host plant data. For this reason we performed an additional analysis of the from its position with the Vanessa-type genera (Fig.  4 ) to being the sister taxon to the focal group, 'total evidence' data set, with host plant data removed. 
Inachis).
In the separate analysis of 'wingless' data, which also It should be noted that there is some agreement between phylogenies resulting from the three data sets included C. dirce, this representative of the Coloburini ended up together with the outgroup, A. paphia.
regarding several aspects of the basic topology (Figs 1-3). Hypanartia is given a basal position by both nd1 Nymphalini was again monophyletic, with the Kallimini as sister group. Note, however, that the tribe and 'wingless' data (Figs 2, 3), and this is the position favoured by total evidence (Fig. 4) , although MEB data Melitaeini was not represented. suggest a position with the Vanessa-type genera and 2). The support for placing these three genera outside of the Vanessa-type genera and the focal group is rather Antanartia (Fig. 1) .
Another basal clade supported by total evidence weak ( Figs 1-4 ), but the consistency between the types of data speak in favour of it. consists of Mynes, Symbrenthia and Araschnia, the first two being sister genera (Fig. 4) . This arrangement Approaching the focal group, there is moderate support, in the analysis of total evidence, for a clade is also seen after analysis of the 'wingless' data alone (Fig. 3) , whereas MEB data joins Mynes and Symcorresponding to Vanessa in the wider sense (Vanessa + Cynthia + Bassaris) and weak support for also brenthia but not Araschnia ( Fig. 1 ) and nd1 data joins the three genera but in a different arrangement (Fig. placing Antanartia on this branch (Fig. 4) . MEB data alone suggest a larger clade including also Hypanartia There is strong support by total evidence for a predominantly holarctic major clade corresponding to the and Araschnia (Fig. 1) . The phylogeny suggested by nd1 data joins Vanessa with Cynthia but is otherwise focal group, consisting of Polygonia, Kaniska, Nymphalis, Roddia, Aglais and Inachis (Fig. 4) . This clade unresolved ( Fig. 2 ; Bassaris was not successfully sequenced) and 'wingless' gives even less information has strong support in the MEB data analysis (Fig. 1) , and is suggested also by 'wingless' data (although (Fig. 3 ). of the remaining genera. A close relationship between invaded by Antanartia; Fig. 3 ). Nd1 data give little Aglais and Inachis is supported by 'wingless' data (Fig. evidence for or against this clade (Fig. 2) .
3) and by analysis of total evidence (Fig. 4) . Once again, nd1 contributes little information (Fig. 2 ) but GENERIC RELATIONSHIPS WITHIN THE FOCAL GROUP it should be noted that this is another data set that Apparently there are two major clades in the focal gives no support to the common practice of including Aglais in Nymphalis. MEB data weakly joins Aglais group, one consisting of Aglais + Inachis, the other and Inachis with Nymphalis ( Fig. 1 ) but a position closest associate (Fig. 2) . In contrast, 'wingless' data join P. gracilis with P. progne, and as this arrangement outside of the other genera in the focal group is suggested by 'wingless' data ( Fig. 3) and partly by nd1 is also supported by some of the individual trees behind the consensus tree in Figure 1 , it is the one that occurs data (Fig. 2) . This position is favoured with moderate support by total evidence (Fig. 4) .
after analysis of total evidence (Fig. 4) . The two most parsimonious trees obtained in the analysis of total The bulk of the species in the remaining genera belongs to either Nymphalis or Polygonia in the strictevidence conflict only regarding the position of P. caureum, inside or outside of P. interrogationis. The est sense. Kaniska, the only species of which (canace) is often placed in Polygonia, is most probably the sister outside position is the one favoured after successive weighting (Fig. 4) . taxon to this genus. This is suggested by total evidence (Fig. 4) , due mostly to MEB data (Fig. 1) . Molecular data do not resolve relationships among genera in this WING PATTERN DATA group (Figs 2, 3) .
We performed a separate analysis with only the wing Regarding relationships between genera, the most pattern data, which resulted in 180 most parsimonious problematic is the position of the monotypic Roddia trees, the strict consensus of which is seen in Figure  ( a.k.a. 'Nymphalis vaualbum'). The only species in 5. The consistency index was as high as 0.515. Note this genus has been placed in either Nymphalis or that the topology found is broadly similar to that Polygonia by various authors. MEB data rather supported by molecular data (Figs 2, 3) and total strongly suggest a position with Kaniska and Polygonia evidence (Fig. 4) . Mynes and Symbrentia are joined in (Fig. 1) , and this position is favoured by total evidence a basal position, Hypanartia is found outside of the as well (Fig. 4) . Nd1 data weakly join Roddia with other Vanessa-like genera (which are joined), the focal Kaniska, but outside of both Nymphalis and Polygonia group and the genus Polygonia in the narrow sense (Fig. 2) . 'Wingless' data weakly put Roddia with are monophyletic, and the relationships within PolyNymphalis (Fig. 3) .
gonia are relatively similar.
SPECIES RELATIONSHIPS IN THE FOCAL GROUP EFFECTS OF HOST PLANT DATA Species relationships within Nymphalis and Polygonia
The analysis of total evidence without the host plant were not resolved in this study. Within Nymphalis, data character (ec2) resulted in two most parsimonious antiopa and cyanomelas are evidently sister taxa, but trees with a consistency index of 0.398. The consensus this is based only on a subset of the MEB data matrix tree was identical to the one obtained previously from ( Fig. 1 ) and no molecular data are present for N.
total evidence (Fig. 4) . (Fig. 3) , Harvey (1991) recognizes 13 subfamilies of the Nymphconflicting arrangements have weaker support from alidae, among them the Nymphalinae. This subfamily other kinds of data (Figs 1, 2) .
is further divided into the three tribes Nymphalini, Within Polygonia the only strongly supported reMelitaeini and Kallimini. In contrast, Ackery (1988) lationship is that P. c-album and P. faunus are sister recognized a larger Nymphalini, corresponding to Hartaxa (Fig. 4) . This clade appears in the separate vey's Nymphalini + Kallimini, and also the tribe Coloanalyses of all three data sets (Figs 1-3) . Total burini as members of the Nymphalinae, but not the evidence weakly supports association of the western Melitaeini. Harvey notes that Kallimini and Melitaeni palearctic P. egea with this clade, and a major clade are united by one larval trait, the presence of filiform consisting of the remaining nearctic species and the seta on the sclerotized base of the scolus on A9. On eastern palearctic P. c-aureum (Fig. 4) . Within the the other hand, Nymphalini and Melitaeini are united latter group there is moderate support for a clade by the presence of filiform setae on A1,2. Coloburini consisting of P. comma, P. satyrus, P. gracilis and P.
lack both of these traits, according to Harvey (1991). progne (Fig. 4) .
These traits were not studied by us. Overall, taking The phylogeny based on MEB data is unresolved also host plants into account, Harvey favoured the concerning these relationships (Fig. 1) . Nd1 data show hypothesis of a sister-group relationship between weak support for the last-mentioned clade of four Kallimini and Melitaeini, Nymphalini being the sisterspecies and strongly support a close relationship begroup to this clade. The synapomorphies used by Harvey (1991) to define tween P. satyrus and P. gracilis, with P. progne as the the Nymphalini as distinct from the Kallimini and the morphology of palpi. We found eyes to be hairy in all studied species of the ingroup, and not in any of Melitaeini are the hairy eyes (our character ey1) and the stiff, projecting bristlelike scales on the palpi. He the outgroup species. Our analysis was not specifically designed to answer noted that the latter trait is absent in Mynes and that projecting, flat scales are present in some Kallimini. most of the questions regarding relationships among tribes (this will be done in a companion study), but There was no further description of this trait, and we failed to see a clear difference between members of our results suggest monophyly of Nymphalini sensu (Harvey, 1991), relative to the Kallimini and Coloburini Nymphalini and Kallimini. Our traits lp1-4 deal with (the latter conclusion based on the analysis of 'wingless' note the presence of spines on all abdominal segments data). Melitaeini was not included in the analysis, but in A. levana, apparently mistakenly (like Teshirogi, this is a uniform tribe very likely to be monophyletic (1990), we found them to be absent on this segment, and hence it is unlikely that members of this tribe also in a European stock). A remaining uncertainty would intrude in the Nymphalini.
concerns the state of this trait in Hypanartia, as we could not study larval material of this species ourselves.
PHYLOGENY OF NYMPHALINI AT THE GENUS LEVEL
Another potential synapomorphy for the clade is the presence, in first-instar larvae, of several short We found some support for a basal position of the predominantly neotropical genus Hypanartia. This secondary setae on the small pinaculae on which P1 conflicts with the present view of a close relationship and Sp1 arise on abdominal segment 10. These were between this genus and the African Antanartia (Denoted by Nakanishi (1988) to occur in Symbrenthia Vries, 1987). We are not aware of any proposed synand Araschnia and to be absent in all other genera in apomorphies joining these two genera, and our results Nymphalini and Kallimini studied by him (which led suggest that the similarities between them may be him to suggest a sister-group relationship). However, plesiomorphic. A position for Hypanartia together with first instar larvae of Mynes do not seem to have been Antanartia results in a tree which is four steps longer, studied, and we did not have access to early-instar a position inside of the Mynes + Symbrenthia + larval material. In addition, in the molecular data Araschnia clade three steps longer, and all other pothere are three synapomorphies, i.e., traits changing sitions (including instead moving Antanartia to the uniquely and unequivocally along the branch leading Hypanartia branch) result in considerably longer trees.
to these three genera. Moving Araschnia to the clade The position of Hypanartia should be considered as of Vanessa-type genera, as might be suggested by the tentative, as it is not supported by any uniquely derived MEB data (wing pattern similarity), results in a tree traits in our matrix. Seven traits in the MEB data that is seven steps longer. change along the branch leading to the remaining
The position for this clade of three genera outside Nymphalini, but none of them unequivocally, and they of both the Vanessa-type genera and the focal group is all change again higher in the tree. Seven molecular only weakly supported (Fig. 4) . One character in suptraits change unequivocally along this branch, but all port of this arrangement is the hibernating stage (ec1), of them change again. However, we did not have access which is the adult stage in both the Vanessa-group to the juvenile stages of Hypanartia. It should be noted and in the focal group (some taxa lack hibernation that Mü ller (1886) on the basis of juvenile morphology diapause), whereas a juvenile stage (egg, larva or pupa) divided his 'Vanessinae' into two groups; one group is used in those temperate genera placed outside by consisting of only Hypanartia, the other of his 'Pytotal evidence. Adult hibernation is rare in butterflies, rameis', 'Vanessa' and 'Grapta'. Scrutiny of the studied and this potential synapomorphy should be given some species reveals that he considered members of modern consideration.
Cynthia, Vanessa, Araschnia, Aglais, Inachis, Nymph-
A close relationship between Mynes and Symalis and Polygonia to all belong to the second group! brenthia has to our knowledge not been suggested He states that it is especially the smooth, compressed previously. Support for this clade was high from the pupa that sets Hypanartia apart from the other genera.
MEB data (Fig. 1) but there was no synapomorphy Also unexpectedly, we found consistent support for without homoplasy in this data set. Two synanother basal clade consisting of Mynes, Symbrenthia apomorphies were suggested by molecular data, one and Araschnia, with strong support for a sister group of them an unequivocal change along this branch. The relationship between the two former genera. A basal alternative arrangement with Mynes outside of the position for Araschnia relative to the Vanessa-and other two genera, suggested by nd1 data (Fig. 2) results Nymphalis-type species has been suggested by Niin a tree which is no less than 11 steps longer. culescu (1965, 1985) and Teshirogi (1990) . These
As expected, we found some support for a close authors studied only palearctic genera. One relationship between the genera Vanessa, Cynthia and synapomorphy for this clade of three genera is apBassaris, sensu Field (1971). Many subsequent authors parently the absence of sclerotized spines on larval have not followed Field's division into separate genera. abdominal segment 9 (the narrow penultimate segWith the limited number of species included in this ment), where two subdorsal spines occur in last-instar analysis our results have no bearing on the question of larvae of the remaining genera studied. Teshirogi whether the three genera can be defended on cladistic (1990) noted the absence of spines on this segment principles, i.e. whether they are all monophyletic. Inin Araschnia levana, A. burejana and Symbrenthia terestingly, the association between them is not so hippoclus, and we found them to be absent in Mynes geoffroyi as well. Mü ller (1886) and Niculescu (1965) strongly supported by the analysis as could have been expected. We found no good candidates for syn-R. l-album and K. canace, which are shown here to most apomorphies in the molecular data or in the MEB probably belong in the Polygonia clade. The proposed data, despite the obvious similarities. The apparently position of R. l-album with Polygonia, suggested earlier basal position of Hypanartia, often considered to be by e.g. Niculescu (1965, 1985) , is supported by total another Vanessa-type genus, suggests the possibility evidence (Fig. 4) , albeit not very strongly. Niculescu that most of the similarities are in fact plesiomorphic.
relied partly on the presence of larval head horns in As Field (1971) did find diagnostic differences between R. l-album and Polygonia (absent in Nymphalis) but the genera, it may be prudent to recognize them as such horns are absent in K. canace as well (our trait separate, at least until there is better evidence that L2). There are four other potential synapomorphies they really are a closely related monophyletic group.
in the MEB database joining Roddia, Kaniska and We believe that we can settle with some confidence Polygonia. These are: lp1, the palpi have a distinctly a couple of long-standing controversies regarding the set off apical segment; ws2, the posterior part of the taxonomy of butterflies in the Nymphalini. The first fore wing is already more incised in R. l-album than regards the position of the palearctic A. urticae and in Nymphalis, approaching the state in canace and the nearctic A. milberti. The former has long been Polygonia; ws5, the outer margin of the fore wing is placed in the genus Aglais by Eurasian authors, but deeply incised; and wp3, the presence of an angled the latter is often placed in Nymphalis by American white spot on the underside of the hind wings which and Canadian authors (e.g., Scott, 1986; Layberry et has given the 'commas' (Polygonia) their common al., 1998). However, it has long been recognized that name, and (ironically) the epithet 'The false comma' to the two species are closely related (Scudder, 1889;
R. l-album. The alternative position, with Nymphalis, Seitz, 1914; Miller & Miller, 1990) , as confirmed by also has supporting traits, e.g. the slender shape of the present study. We show here that the practice of the antennal club (a1) and the yellowish colour of the placing these species in Nymphalis cannot be defended eggs (e5); however, this tree is three steps longer. from cladistic principles, as Aglais is in fact most Teshirogi (1990) arrived at a similar conclusion, faclosely related to Inachis, and Nymphalis is more vouring a closer relationship with Polygonia but noting closely related to Polygonia and relatives. The same the remaining uncertainty. He also did not resolve conclusion was reached by Niculescu (1965) 
and the relationship between R. l-album, K. canace and Teshirogi (1990). The similarity between Aglais and
Polygonia in the narrow sense, whereas we see the Nymphalis is plesiomorphic and superficial, as demcloser relationship between the latter two taxa as onstrated also by the fact that the male genitalia are relatively certain. There is relatively strong support very different (Niculescu, 1965) .
for this clade (Fig. 4) and there are two synapomorphies Aglais and Inachis are united by their shared habit in the MEB database (ws2, the deeply incised posterior of laying very large batches of eggs, in many layers, part of the fore wing; and L7, the particular coloration on the underside of nettle (Urtica) leaves. In the MEB seen in larva) and one in the molecular data. data set this complex character was split into several Polygonia in the narrow sense forms a very welltraits (batch size, site and shape, host plant) in order defined clade with high support (Fig. 4) . This is probto maximize the number of potentially informative ably one reason for the reluctance by many authors to characters, and none of them change uniquely and include the two controversial taxa in Polygonia. This unequivocally along the branch leading to the two is particularly true in the case of R. l-album, which in genera. However, no less than five molecular traits do many respects resembles the species in Nymphalis so. Three of them consists of adjacent bases in the more than it resembles the species in Polygonia s.s.. 'wingless' data which are found to be missing in both This similarity is evidently plesiomorphic and if so (and only) I. io, A. urticae and A. milberti when aligning cannot form the basis for taxonomic groupings. Howthe sequences. This might be considered a single trait, ever, a taxonomy could be adopted which recognizes but as gaps are very infrequent in the studied sethe many traits which distinguish Polygonia s.s., as quences we chose to give this extraordinary evoluwell as the conflicting evidence regarding the position tionary event added weight by treating it as three of R. l-album, which leaves this species as something separate traits in the analyses.
of an 'evolutionary link' between Nymphalis and PolyThe position of Aglais + Inachis outside of the gonia. The differences between the narrow sense Polyremaining genera in the focal group has moderately gonia and K. canace in e.g., adult coloration and larval strong support (Fig. 4) . There are no traits in the MEB host plants are certainly impressive enough to warrant database uniquely uniting the other genera, but one use of the genus Kaniska for the latter. If so, R. lchange in the molecular data does so. The alternative album (which is even more distantly related to the position with best support is as the sister clade to narrow sense Polygonia) must also be placed in a genus Nymphalis; however, this tree is four steps longer.
The second controversy has regarded the position of of its own. The appropriate name for this genus would seem to be Roddia, recently suggested by Korshunov WING PATTERN DATA (Korshunov & Gorbunov, 1995; Korshunov, 1996) . Analysis of only wing pattern characters resulted in a topology broadly similar to the one resulting from analysis of the complete matrix or only molecular data PHYLOGENY OF THE NYMPHALIS GROUP AT THE (Fig. 5, cf. Figs 1-4 Nymphalis), and for this reason lack the specific syngenitalia. This is worth noting because the clade is apomorphies joining other species. Consequently they supported also by our nd1 data (Fig. 2) . However, tend to be pulled together by superficial similarities. we failed to see any unique similarities between the Another example is the position of Araschnia with the genitalia of the two species from the illustrations in Vanessa-type genera (Fig. 5) , which is only supported Miller & Miller (1990) , and there was no description by wing pattern similarities that may well be plesiogiven of the alleged similarity. In the absence of synmorphic for the entire tribe. Clearly, other kinds of apomorphies, the 'similarity' (and possibly the nd1 data will often be needed as well, in order to obtain a results) is equally well explained by the ladder arreliable hypothesis of phylogeny. rangement in Figure 4 , and hence we provisionally favour the resolution supported by total evidence. (Fig. 4) must be considered as tentative (except for Pagel, 1991; Miller & Wenzel, 1995) . When the use of faunus + c-album), although it is the best hypothesis such methods first became popular in the early 1990s, presently available. The sister-group relationship beit was suggested that it was important that the traits tween P. faunus and P. c-album is supported by e.g. under study, e.g. the 'ecological' characters were not larval coloration (L6) and two synapomorphies in the used to construct the phylogeny in the first place molecular data. Adults are also very similar, and larvae (Brooks & McLennan, 1991) . This is because this prohave similar polyphagous habits. These traits were cedure would induce some circularity; the number of not well captured by the particular coding that we transformations in the studied traits would be unemployed, but nevertheless, support for this clade was derestimated because branches in the phylogeny with one of the highest in the phylogeny.
the same state would more often be placed together in The nearctic clade P. comma + P. progne + P. gracilis the search for the most parsimonious arrangement of + P. satyrus is not supported by any synapomorphies. the taxa. One molecular synapomorphy supports monophyly of This conclusion has, however, been debated (see the latter three genera. In our earlier analyses (with Miller & Wenzel, 1995 for additional references) and less data) P. comma grouped instead with P. inrecently Zrzavy (1997) argued strongly that all availterrogationis, and more data are needed before we can able characters should be included in the data matrix. conclusively choose between these alternatives. The
He reasoned that problems of circularity should in fact same is true for the relationships between progne, be less if, for example, ecological traits are included gracilis and satyrus, where nd1 shows very strong rather than excluded, because the null hypothesis similarity between the last two species, conflicting should be that the ecological traits are historically contingent and so an adaptive explanation is not with total evidence. needed for each state in each taxon. The null hypothesis Darrell Kemp, Norbert Kondla, James Kruse, Jaakko Kullberg, Dave Lohman, Pat Lorch, Armando Luis, is equally strong or stronger when ecological traits are included, so this procedure is more conservative and Christopher Majka, Don Miller, Adolfo Navarro, Guy van de Poel, David Pollock, James Scott, Kojiro Shidoes not overestimate adaptive change.
We agree in principle with this reasoning, and so raiwa, Masao Taguchi, Toomas Tammaru, John & Jill Thompson, Aki Tsuneda, Niklas Wahlberg, Mamuro have included host plant data in the data matrix, although we intend to use the phylogeny to study Watanabe, Wayne Wheeling, Per-Olof Wickman, Christer Wiklund, Myron Zalucki, Cor Zonneveld, and many butterfly-plant relationships (Janz, Nyblom & Nylin, 2001). However, some of the uses that we intend for others. This research was supported by grants from the Swedish Natural Science Research Council to S.N. the phylogeny have particular problems in this respect. These problems arise when the question under study is not the typical one in phylogenetic ecology (whether REFERENCES some environmental variable has affected a biological characteristic, or one biological trait has affected an- small data matrix will tend to result in a reconstruction 'true' phylogeny will be better with more data. Using 16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  2 ws6 ws7 ws8 ws9 ws10 ws11 ws12 ws13 wp1 wp2 wp3 wp4 wp5 wp6 wp7 34  35  36  37  38  39  40  41  42  43  44  45  3 wp8 wp9 wp10 wp11 wp12 wp13 wp14 wp15 wp16 wp17 wp18 wp19 wp20 wp21 wp22 61  62  63  64  65  66  67  68  69  70  71  72  73  74  75  5 wp38 mg1 mg2 mg3 mg4 e1 e e2 n e3 e e4 st e5 e L1 la L2 s L3 m L4 tv L5 in 
